I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Endodontic treatment is a procedure that consists of several steps aiming to remove the diseased dental structures to preserve or heal the periapical tissues and guarantee the proper tooth function.\[[@ref1]\] It is well established that endodontically treated teeth have a reduced resistance and higher susceptibility to fracture,\[[@ref2][@ref3]\] and this is mainly associated with the loss of dentinal structures following root canal treatment.\[[@ref4]\]

According to the European Society of Endodontology, when a fracture involves enamel, dentine, or cementum, the tooth needs to be assessed for restorability.\[[@ref5]\] As a matter of fact, root fracture has been reported as the third most common reason for extraction of an endodontically treated tooth, mostly affecting the premolars.\[[@ref6]\] Shaping the root canal system has been subjected to variations and evolution during the last decades, and the endodontists were more and more encouraged to apply the concepts of minimally invasive dentistry to their shaping techniques, to preserve as much dental structures as possible.\[[@ref7][@ref8]\] Minimally invasive dentistry is the application of a systematic respect of the original tissue,\[[@ref9]\] and its common delineator is represented by tissue preservation, preferably by preventing disease from occurring and intercepting its progress but also by removing and replacing pulpal tissues with conservative concerns and minimal damage.\[[@ref10]\] Minimally invasive endodontics has been consequently suggested, consisting of smaller access cavities, minimal root canal preparations with an apical diameter ranging between 0.2 mm and 0.4 mm maximum, and a taper that is strictly below 6%.\[[@ref8][@ref11]\] Since the relationship between minimally invasive endodontics and fracture resistance is not yet well established,\[[@ref12][@ref13]\] the aim of the present study was to assess the influence of the final preparation taper on the fracture resistance of endodontically treated maxillary premolars. The null hypothesis tested was that there is no difference in the fracture resistance of maxillary premolars treated with a final preparation taper of 4% and 6%.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

S[PECIMEN SELECTION AND PREPARATION]{.smallcaps} {#sec2-1}
------------------------------------------------

Sixty recently extracted, intact maxillary premolars with two separate roots were selected for this study. Teeth with caries, previous restoration, visible fracture lines or cracks, and open apices were excluded from the study. Samples were debrided by hand scaling and cleansed with a rubber cup and pumice and then stored in separate containers with 0.1% thymol solution to prevent dehydration before testing. Teeth were selected based on similar length and crown dimensions to minimize the influence of size and shape variations on the results. Similar access cavities were performed on all teeth using a \#802 diamond bur and EndoZ bur (Dentsply-Maillefer, Baillagues, Switzerland) to locate root canals orifices. A \#10 K-flexofile (Dentsply-Maillefer) was introduced with ethylenediaminetetraacetic acid gel into each root canal to determine the working length (WL) and establish a glide path. Then, the 60 teeth were divided into 2 groups of 30 samples each.

S[HAPING AND CLEANING THE ROOT CANAL SYSTEM]{.smallcaps} {#sec2-2}
--------------------------------------------------------

### Group A {#sec3-1}

Thirty premolars were shaped with the iRace rotary instruments (FKG dentaire, Switzerland) reaching a final continuous 4% taper up to tip size 30, using the following files sequence: iRace tip size 10/.02 taper, iRace tip size 10/.04 taper, iRace tip size 15/.04 taper, iRace tip size 20/.04 taper, and iRace tip size 30/.04 taper. Instruments were used with an endodontic motor (X-Smart Plus, Dentsply Maillefer) following the manufacturer\'s instruction in continuous rotation at 600 rpm speed and with a maximum torque set at 2.0 N, with light apical pressure. During the shaping procedure, a \#10 K-flexofile was taken to the WL to check patency, and irrigation with 2.5 mL of 5.25% NaOCl was performed with a syringe and an endodontic needle in each root canal after each instrument used.

### Group B {#sec3-2}

Thirty premolars were shaped with the iRace rotary instruments reaching a final continuous 6% taper and an apical diameter of thirty, using the following files sequence: iRace tip size 10/.02 taper, iRace tip size 10/.04 taper, iRace tip size 10/.06 taper, iRace tip size 20/.06 taper, and iRace tip size 30/.06 taper. The same instrumentation procedures and irrigation protocol as Group A were used. When canal shaping was completed, 3 mL of distilled water were used to remove the remaining sodium hypochlorite, and a final flush with 2.5 mL SmearClear (SybronEndo, Orange, CA, USA) was performed in each root canal to eliminate the smear layer. Root canals were finally washed with 3mL saline solution and dried with paper points.

F[ILLING THE ROOT CANAL SYSTEM]{.smallcaps} {#sec2-3}
-------------------------------------------

Group A root canals were filled with the single cone technique using a gutta-percha cone tip size 30 and taper 4% with AHPlus^®^ (Dentsply-Maillefer) resin root canal sealer.

Group B canals were filled with the single cone technique using a gutta-percha cone tip size 30 and taper 6% with AHPlus^®^ (Dentsply-Maillefer) resin root canal sealer. In both groups, the prefitted master cone was coated with a thin layer of sealer and inserted into the canal till WL and then cut and compacted at the orifice with a heated plugger. All teeth were stored at 37°C with 100% humidity for 72 h.

S[PECIMEN PREPARATION FOR THE UNIVERSAL TESTING MACHINE]{.smallcaps} {#sec2-4}
--------------------------------------------------------------------

Access cavities of all premolars from Groups A and B were then cleaned and filled with a resin composite (3M -- ESPE). Specimen\'s roots were covered with 1 mm layer of wax positioned at 2 mm under the cement-enamel junction, thus simulating the periodontal ligament.\[[@ref14]\] To replace the alveolar bone, teeth were placed into a squared mold of 8 cm of volume and a depth of 15 mm filled with acryl resin, with a light apical pressure completely covering the wax.

F[RACTURE TEST]{.smallcaps} {#sec2-5}
---------------------------

The 60 teeth specimens were placed in the YLE (GmbH Waldstraße Bad König, Germany) universal testing machine equipped with a 500 *N* cell load and loaded through a stainless-steel ball 3 mm in diameter at their central fossa, along with their long axis. The continuous compressive strength force was applied at a crosshead speed of 1 mm/min. The universal load-testing machine \[[Figure 1](#F1){ref-type="fig"}\] was connected to a software that collected all the information and indicated the load at which each premolar tooth was fractured. Each fractured specimen was then examined to evaluate the fracture pattern \[[Figure 2](#F2){ref-type="fig"}\] and classified as "favorable/restorable" when the failure was above the acrylic resin simulating the bone or "unfavorable/nonrestorable" when the failure was extending below the acrylic resin.\[[@ref13]\]

![The universal testing machine YLE applying a compressive strength on a maxillary premolar until breakage](JISPCD-8-179-g001){#F1}

![Fracture patterns. (a) Restorable fracture of bicuspid with 4% tapered root canal preparation, (b) nonrestorable fracture of bicuspid with 4% tapered root canal preparation, (c) restorable fracture of bicuspid with 6% tapered root canal preparation, (d) nonrestorable fracture of bicuspid with 6% tapered root canal preparation](JISPCD-8-179-g002){#F2}

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-6}
----------------------------------

The "Statistical Package Software for Social Science" (SPSS for Windows, Version 20.0, Chicago, IL, USA) was used for the statistical analysis. The level of significance was set at *P* ≤ 0.05. The normality of distribution of the variable was evaluated using the Kolmogorov--Smirnov test and the Levene test \[[Table 1](#T1){ref-type="table"}\]. Since the normality of the variable was approved, a parametrical test was applied and the Student\'s *t*-test was performed to compare the mean value of fracture resistance between 4% and 6% taper.

###### 

*T*-test and Levene test

![](JISPCD-8-179-g003)

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The mean values and standard deviations of the load at fracture for both groups are presented in [Table 1](#T1){ref-type="table"}. No statistically significant difference was registered between the 4% taper of preparation (270.47 ± 90.9 N) and 6% taper of preparation (244.73 ± 120.3 N) regarding the fracture resistance of the endodontically treated maxillary premolars tested (*P* = 0.541).

A statistically significant difference (*P* \< 0.05) in the number of favorable/restorable or unfavorable/nonrestorable fractures was observed between the two groups: the percentage of favorable/restorable tooth fractures was significantly higher in the 4% taper group rather than the 6% taper group \[[Table 2](#T2){ref-type="table"}\].

###### 

Mean values of breakage force in the 4% and 6% groups

![](JISPCD-8-179-g004)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Testing *in vitro* the load to fracture of endodontically treated teeth may help understand and evaluate their mechanical behavior. The present study was performed on maxillary premolars because they are more prone to fracture accordingly to other recent studies\[[@ref15][@ref16]\] by applying a static load through a universal testing machine.\[[@ref13][@ref14][@ref15][@ref16]\] However, fracture resistance methodology used for *in vitro* analysis does not accurately reflect intraoral conditions in which failures occur primarily from fatigue. In the same way, axial cyclically fatigued tests may not reflect complete root strain patterns for the complex chewing process.\[[@ref17]\] In the present study, access cavities were restored with bonded resin composite to facilitate loading tests and to simulate clinical procedures because testing the teeth without any coronal restoration is far from the standard clinical practice.\[[@ref13]\] One of the most important reasons of fracture in root-filled teeth is the loss of tooth structure. This may happen during all the phases of an endodontic treatment from the access cavity opening to the shaping procedures mainly depending on the taper and apical size of the preparation chosen. As a consequence, every step in endodontic treatment can lead to crack formation and breakage of the corresponding tooth.\[[@ref18]\] For that concern, some studies reported a higher fracture resistance with an enlarged coronal access in comparison with the minimal enlarges ones\[[@ref12][@ref19]\] while others reported no differences if the teeth were properly restored.\[[@ref13][@ref17]\] For the shaping procedures, a previous study showed that increasing the root canal taper resulted in a lower fracture resistance; furthermore, it has been also reported that enlarging the taper of the preparation resulted in a higher stress due to masticatory forces.\[[@ref20]\] The aim of the present study was to understand if a reduced tapered preparation following the concepts of minimally invasive endodontics might lead to an increased fracture resistance. Unlike the data obtained by Rundquist and Versluis in 2006,\[[@ref20]\] the results of this study demonstrated that there was no statistical significant difference, in terms of fracture resistance, between the two different root canal preparations used: 4% taper and and 6% up to a tip size thirty. Thus, the null hypothesis may be accepted.

The difference with similar studies might be the result of variability in the applied methodology reflecting more difference in the study design rather that demonstrating a real clinical difference.\[[@ref12]\] An axial fracture load was used in the present study because teeth are most vulnerable to fracture when eccentric forces are applied,\[[@ref21]\] reaching the failure point at higher loads when compared with the 30° fracture loads of other studies.\[[@ref22][@ref23]\] Furthermore, the apical diameter in the preparation was limited in the present study to a size thirty. Further investigations should be conducted to evaluate the influence of different tapers in bigger apical sizes of preparation; situation in which this parameter may affect more drastically the fracture resistance of endodontically treated roots. Following the qualitative observation performed during the present study, our data showed that the 6% tapered preparations of the teeth were more in favor of coronoradicular fractures, especially in the cervical area (unrepairable fractures). The premolars instrumented with the 4% taper, however, registered a more preserved cervical region free of any fracture (repairable fractures). This may be obviously explained by the fact that smaller tapered preparations tend to decrease the stress on the cervical part of endodontically treated teeth more than the higher tapered preparations.\[[@ref12]\] On the other hand, a minimal invasive approach and minimally treated teeth may represent an obstacle for disinfection.\[[@ref19][@ref24]\] Brunson *et al*. found that the 8% tapered root canals were better disinfected than the 4% ones with the same apical diameter of preparation.\[[@ref25]\] These findings are also supported by another study of Khademi *et al*. in 2006 showing that bigger apical diameters of preparation resulted in a better apical disinfection.\[[@ref26]\] As for the use of composite resin material for access cavity filling, our study was in concordance with the finding of Mincik in 2016 who found that composite restoration with cusp coverage was the most ideal nonprosthetic solution for endodontically treated teeth.\[[@ref27]\]

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Decreasing the taper of root canal preparation to 4% did not statistically increase the fracture resistance of endodontically treated maxillary premolars compared to a bigger 6% taper; the coronal maintenance of dentinal tooth structure affected the fracture behavior of the tested samples. Smaller tapers (4%) were directly related to more favorable and repairable registered fractures than larger ones. Further studies should be performed to investigate the quality of the instrumentation, the difficulties encountered during this procedure, and long-term prognosis of endodontically treated teeth following a minimal invasive approach.
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